A 47-year-old woman with Cushing's syndrome suffered a severe anaphylactic reaction on induction of anaesthesia, resulting in circulatory arrest. A spontaneous cardiac output appeared after 25 minutes of chest compression and she regained consciousness three hours later, with no neurological deficit. A Bispectral Index monitor demonstrated values greater than 40 throughout the whole period of resuscitation. Possible implications for this observation are discussed.
The purpose of cardiopulmonary resuscitation (CPR) is to maintain adequate cerebral and coronary blood flow until spontaneous cardiac function is restored. The effectiveness of CPR can be assessed directly by the presence of a palpable pulse during the process of chest compression. Indirect assessment of adequacy of cardiac output includes the measurement of expired carbon dioxide, whilst direct measurement of neurological function (e.g., electroencephalogram, compressed spectral array) has been described in patients who have sustained brief periods of cardiac arrest 1 . There has been one case report that described the BIS (Bispectral Index, Aspect Medical Systems, Framingham, MA, U.S.A.) during CPR in a patient about to go onto cardiopulmonary bypass 2 . This case report describes the BIS profile of a patient who underwent prolonged circulatory arrest following an anaphylactic reaction during the induction phase of anaesthesia and who survived with no discernible neurological deficit.
CASE REPORT
A 47-year-old woman with a right adrenal adenoma presented for an elective laparoscopic adrenalectomy. Preoperative tests had shown a functioning adenoma, with a markedly suppressed ACTH and non-suppressible free cortisol. She showed minor signs of Cushing's syndrome (small buffalo hump), but was otherwise well. She was a non-smoker and denied any other cardiorespiratory symptoms. She had a vague history of minor allergy to penicillin. Preoperative investigations were unremarkable. She was premedicated with midazolam 7.5 mg p.o., metoclopramide 10 mg p.o. and famotidine 40 mg p.o. two hours preoperatively. Following the insertion of two 16 gauge intravenous lines, standard monitoring was placed, consisting of a 5-lead electrocardiogram (ECG), non-invasive blood pressure cuff and pulse oximeter. A bispectral index monitor (Aspect A-1000, version 3.1, Aspect Medical Systems, Framingham, MA) was placed with a standard bitemporal montage. The planned anaesthetic technique consisted of propofol via a target-controlled infusion and a remifentanil infusion. Propofol was started at a plasma target of 1.5 µg.ml -1 and slowly increased to 4.5 µg.ml -1 until loss of consciousness was obtained. At the same time a remifentanil infusion was started at 0.25 µg.kg -1 .min -1 . Approximately three minutes after commencing the infusion, vecuronium 6 mg was administered. Thirty seconds later, the patient started to cough. She was intubated with a 7.5 endotracheal tube, at which point her colour had changed to mottled and blue. Pulse oximetry readings had dropped from 98%, and recordings were intermittent during the process of resuscitation. She had no central pulses. Her ECG showed a heart rate of 70 beats per minute, with wide abnormal complexes. CPR was immediately started and an appropriate crisis management algorithm was commenced. She continued to be ventilated on an FiO 2 of 1.0. The propofol and remifentanil infusions were ceased at this point and no further anaesthetic agents were administered. Pulmonary compliance was markedly reduced, but there was no evidence of skin rash. Air entry was normal and bilateral, ventilation improved slightly and her ECG complexes began to widen visibly with a slowing ventricular rate. The BIS demonstrated a value of 60. A central venous catheter and arterial line were inserted during the circulatory collapse. In total 17 mg of adrenaline and 5 mg of noradrenaline were administered, along with atropine 2.0 mg, bicarbonate 8.4% 100 ml, hydrocortisone 100 mg and calcium chloride 1 g. The patient remained in a slow broad complex arrhythmia, rate ranging from 20 to 60 beats per minute. The differential diagnosis included major anaphylaxis, pulmonary embolism or primary cardiac disease. An on-table echocardiogram showed normal ventricular function, with no valvular pathology and no evidence of right atrial thrombus or acute right ventricular failure. CPR maintained a mean arterial pressure of around 60 mmHg during the 25 minutes of CPR, as measured by an indwelling arterial catheter placed in her femoral artery within five minutes of onset of CPR. External pacing leads had just been placed in an attempt to increase the ventricular rate, when the patient spontaneously reverted into rapid atrial fibrillation at 160 beats per minute. This occurred after 25 minutes of CPR. After developing worsening pulmonary compliance from frothing pulmonary oedema, she was transferred to the intensive care unit. She was initially ventilated using pressure control/pressure support mode with 10 cm H 2 O of positive end-expiratory pressure. She had not been given any further relaxants and she was not on any sedative medications. She continued on an adrenaline infusion at a variable dose to keep her mean arterial pressure greater than 75 mmHg. Three hours later she began to open her eyes and respond to commands. Her arterial blood gases improved significantly and she was extubated at 19.45 hours on the day of her planned procedure, some 12 hours after her circulatory arrest. Neurological examination the following day by the intensive care specialists failed to find any evidence of gross neurological damage. She was transferred to the general surgical ward and discharged from hospital five days later. Serum tryptase was greater than 200 µg.l -1 indicating a significant anaphylactic reaction. Follow-up skin testing showed that she was strongly positive for vecuronium and pancuronium, but was negative for mivacurium, atracurium, propofol and remifentanil. On questioning after the event, the patient had no recall of any of the resuscitative process. She denied any overt problems resulting from her circulatory collapse, however no formal neurological or psychiatric evaluation was sought. Four months later she underwent an uneventful laparoscopic adrenalectomy using a combination of atracurium, propofol, remifentanil and fentanyl and a premedication of hydrocortisone, famotidine and trimeprazine.
Of particular interest was the maintenance of the BIS during the whole period of CPR. Although we could not directly download the data, a photograph was taken from the screen and Figure 1 created directly from this. It clearly shows the BIS profile being maintained well above 40 for most of the period of CPR. At point A there is resumption of a spontaneous cardiac output with the rapid AF. Although the initial 10 minutes of the BIS tracing were lost, it was recorded numerically. Although it typically reduced following induction of anaesthesia, it did not fall below 40 throughout the whole CPR process.
DISCUSSION
This is the first reported case that describes the BIS pattern during a prolonged circulatory arrest. It suggests that the BIS remaining above 40 during the course of the circulatory arrest corresponded to maintenance of some degree of cerebral function and hence cerebral blood flow. However this hypothesis is subject to several limitations.
The BIS represents the measurement of interfrequency phase relations of the electroencephalogram Anaesthesia and Intensive Care, Vol. 29, No. 5, October 2001 FIGURE 1: The BIS profile during the cardiac arrest. The data for the initial few minutes were lost and could not be retrieved. BIS values however were noted to be between 40 and 70 during those early minutes. Point A represents spontaneous atrial fibrillation with spontaneous palpable pulse.
(EEG) along with the conventional frequency-power analyses of the EEG 3 . The data obtained from both the bispectral analysis and conventional EEG are used to derive the bispectral index or BIS. A dimensionless scale from 0 to 100 was generated and used to define a continuum from awake to asleep, using multivariate analyses. It has been used as a surrogate marker of anaesthetic effect, but was never intended to be used as a measure of cerebral function under other circumstances.
First, electromyographic (EMG) interference is known to alter BIS values. Bruhn et al reported two cases in which higher than expected BIS values were obtained during a volunteer study investigating pharmacokinetics interaction between propofol and remifentanil 4 . The BIS paradoxically increased with increasing delivery of anaesthetic drugs and was associated with increased EMG activity. In one case the patient responded at a BIS value of 54 but showed no response to a greater stimulus at a value of 85. In the second case there was a dramatic reduction in BIS following administration of vecuronium. Of note was that spectral edge frequency did not alter with increasing EMG activity, unlike the BIS values. This can be ascribed to different filtering within the Aspect monitor along with selective enhancement of higher frequencies with BIS compared to EMG. EMG interference might have been a confounding factor in the interpretation of the BIS trend plot. Unfortunately, we were not able to download raw information relating to EMG activity and signal quality. Of interest is the case reported by England who described the management of a hypovolaemic cardiac arrest 2 . The BIS values dropped dramatically, despite (presumably) adequate CPR, and rose when the patient was commenced on cardiopulmonary bypass. No spurious rise in BIS associated with EMG activity was commented upon by this author. Similarly falsely elevated BIS values can be seen with inadequate electrode placement or high impedance. In the case presented the preinduction impedance check showed values below 2000V, well within the machine threshold for satisfactory function.
Second, high levels of circulating catecholamines may have accounted for the high BIS values. It has been noted when patients are given a catecholamine, their anaesthetic state "lightens" 5 . Whilst the brain concentration is only up to 5% of plasma catecholamine concentration 6 , given the high doses of both adrenaline and noradrenaline used in the resuscitative process, it could be speculated that significant levels of brain catecholamines were present and accounted for higher BIS values. Andrzejowski et al administered relatively small bolus doses of adrenaline (15 µg) to patients being sedated with propofol before undergoing routine surgery 7 . Overall there was a mean increase in BIS values of 13, and six out of eight patients showed an increase in their Observer Assessment of Alertness and Sedation rating scale. As catecholamines act on beta-receptors in the reticular activating system, leading to arousal, the large amounts of circulating adrenaline and noradrenaline seen in our case may have contributed to the high BIS values. However, given the relatively short half-lives of these agents, the persistently raised BIS values 10 minutes after the last administered dose of adrenaline may not be completely explained by this mechanism.
Several reviews have commented upon the limitations of BIS monitoring in patients with neurological disease. BIS values of 40 have been described in patients with inherited low voltage EEG waveforms 8 . It has been found to be of little value in the intensive care setting in inpatients with encephalopathic or other neurological injury 9 . Of 29 patients studied, nine had falsely elevated values, three of which were associated with high EMG readings, indicating a high degree of muscle activity. In two patients, the BIS was seen to be falsely low. In one of few studies looking at BIS and cerebral metabolism, Alkire described a linear relationship between regional cerebral metabolic activity as measured by positron emission tomography and BIS, offering at least some relationship between BIS and cerebral function and possibly blood flow 10 .
In conclusion, the BIS values for a patient who sustained a non-fatal circulatory arrest are described. There are reasons why the BIS might have been elevated throughout the process of CPR not related to neurological function per se. However the patient did recover with no discernible neurological deficit. The role of BIS monitoring in this context may be worth further investigation.
